A study was undertaken to evaluate the effect of prebiotic, probiotic and synbiotic supplementation on intestinal microflora and histomorphology of broilers. One-day-old Avian 48 chicks (n=100) were randomly assigned to 4 treatments (25 birds/treatment) for 6 week experiment. Each treatment consisted of 3 replicates (two replicate of 8 birds and one with 9 birds). Treatment groups were as follow: 1. Basal diet (control); 2. Basal diet plus MannanOligosaccharide (MOS) at levels of 2 g /kg of the starter diets and 0.5 g/kg of the grower diets); 3. Basal diet plus probiotic (3 g/kg diet, Saccharomyces cerevisiae); and 4. Basal diet plus the combination of pre and probiotics (synbiotic). On d 21 and 42, 3 birds per treatment were sacrificed to evaluate gut morphology and microbiology. Duodenum, jejunum, ileum, and cecum microflora composition and intestinal histomorphology were determined. The final body weight (BW), weight gain, feed conversion efficiency were significantly (p<0.05) higher in probiotic and synbiotic supplemented broilers compared with the control and prebiotic groups. Concentrations of bacteria belonging to Lactobacillus spp. in the duodenum and jejunum digesta at d 42 were significantly (P <0.05) higher in prebiotic supplemented broilers compared with the control and synbiotic treatments. However, synbiotic supplementation maintaining populations of unprofitable or potential pathogens (E. coli) at relatively low levels (numerically) in the small intestinal and cecal digesta. In addition, the total aerobes and coliform colony count were not significantly affected by any of the dietary treatment. Morphology data for the small intestine showed that synbiotic supplemented broilers had significantly higher (p < 0.05) villus height in the duodenum, jejunum, ileum in comparison with the other treatments. The crypt depths were numerically (p > 0.05) decreased in duodenum and ileum in synbiotic supplemented broilers. In addition, the age had significant effect on intestinal histomorphology. Moreover, the interaction between dietary treatment and age did not affect (p > 0.05) any of the intestinal histomorphological parameters.
Introduction
Intestinal bacteria play an important role in the nutritional, physiological, immunological, and protective functions of the host 37 and can be influenced by the diet 29 . An alternative approach to sub-therapeutic antibiotics in livestock is the use of probiotic microorganisms, prebiotic substrates that enrich certain bacterial populations, or synbiotic combinations of prebiotics and probiotics. Prebiotics are polysaccharides and oligosaccharides which cannot be digested effectively by the animal, but are readily fermented by anaerobic, colonic bacteria that are regarded as beneficial 44 . Prebiotics have shown promise in controlling pathogens such as Salmonella and Escherichia coli and in stimulating the growth of bifidobacteria and lactobacilli, thus promoting health and performance of animals 44, 16 . Probiotics and direct-fed microbial feed supplements have been confirmed in numerous scientific investigations to modulate the composition of the gut microflora by successfully competing with pathogens through a competitive exclusion process 28, 25 . They modify the intestinal environment by reducing the pH, supplying digestion enzymes and increasing enzyme activity in the gastrointestinal tract 5, 17 . The combination of probiotics and prebiotics is called synbiotics. Synbiotics include both beneficial microorganisms and substrates, which may have synergetic effects on the intestinal tract of animals. Synbiotic beneficially affects the host by improving the survival and implantation of live microbial dietary supplements in the gastrointestinal tract. Those effects are due to activating the metabolism of one or a limited number of health-promoting bacteria or by selectively stimulating their growth, which improved the welfare of the host, or both 14 . Thus it may offer a considerable promise for growth promotion in poultry production and a new alternative to antibiotic growth promoters 2, 3 . Prebiotics have the advantage, compared with probiotics, that bacteria are stimulated which are normally present in the gastro intestinal tract (GIT) of that individual animal and therefore already adapted to that environment 32 . Normally, prebiotics consist of a carbohydrate fraction (oligosaccharides, non-starch polysaccharides and starch). Mannanoligosaccharides, derived from yeast cell wall, are components of the outer layer of yeast cell walls and their components include proteins, glucans and phosphate radicals as well as mannose 19 . Oligosaccharides are believed to stimulate the growth of certain bacteria, especially Lactobacillus spp. and Bifidobacterium species. The inhibition of pathogenic bacteria like Salmonella spp., Campylobacter spp. or putrefactive bacteria like Clostridium perfringens by the oligosaccharides can in part be explained by their fermentation products in the intestine 15 . However, the acid production from these bacteria and an acidic pH are not the sole mechanisms of inhibition, as other mechanisms are also involved which are yet to be elucidated. As very few investigations about the synbiotics have been undertaken on broilers to date, the trial reported here was conducted to determine the effects of dietary prebiotic, probiotic and synbiotic on intestinal microbial ecology and histomorphology of broilers.
Materials and methods

Birds and Housing:
The experiment was conducted in the experimental poultry house of the Department of Nutrition and Clinical Nutrition, Fac. of Vet. Med., Assiut University, Assiut, Egypt. A total number of 100 one day-chicks (Avian 48) were randomly divided into 4 groups (25 birds/group) and housed in pens of identical size (2 m 2 ) in a deep litter system with a wood shaving floor and equipped with feeders and drinkers. Each group had 3 replicates (two replicates of 8 birds/pen and one replicate contains 9 birds). The birds had free access to water and feed. The climatic conditions and lighting program followed the commercial recommendations. Compositions and nutrient contents of the starter and grower diets used in the trail are shown in Table 2 . A commercial prebiotic source Bio-Mos® (Alltech Inc., Nicholasville,KY, USA) and commercial probiotic source (Yeast culture probiotics (Bro-biofair, Vitality Co., Egypt), which contained Saccharomyces Servisia (labelled as each kg contains: 100 gram Saccharomyces Servisia (10 10 cell/gram) and 900 gram carrier (90 % soy meal, 5% molt, 5% Fenu Greek). The birds were fasted for 10-12 h prior to determination of the final body weight at slaughter Growth performance traits: All birds were weighed individually to the nearest gram after their arrival from the hatchery to the experimental farm (initial weight) and every week till the end of the experiment the BW was recorded. Weight gain for each dietary treatment was calculated. Feed consumption was recorded weekly and calculated during the course of the whole experiment for each treatment, and the feed conversion rates were calculated subsequently. Mortality was recorded as it occurred and feed per gain values were corrected for mortality (regarding feed intake).
Microbial analysis:
Intestinal content from the duodenum, jejunum, ileum and cecum was collected separately and immediately after slaughter in sterile glass containers. Digesta was evacuated and mixed. The sealed containers were kept in the laboratory at 4°C till enumeration of microbial population. Samples (1g of the mixed fresh mass) were taken into sterile test tubes and diluted 1:10 in sterile 0.1% peptone solution. Ten fold serial dilutions up to 10 7 of each sample were prepared in 9 ml of 0.1% sterile peptone solution. Viable counts of total aerobes, coliform, lactose-negative enterobacteria, E. coli, and lactobacilli were performed. Total aerobes were enumerated on nutrient agar (Oxoid). Coliform and lactosenegative enterobacteria were counted on MacConkey agar (BBL) as red and colorless colonies, respectively. The eosin methylene blue (EMB) agar (Oxoid) was used for E. coli counts. Nutrient agar, MacConkey agar and EMB agar were incubated aerobically at 37°C. Plates were counted between 24 and 48 h after inoculation. For lactobacilli, deMan, Rogosa and Sharpe (MRS) (Biolife) agar was used, and the plates were incubated in 5% CO2 for 48h. The media plates were inoculated with 0.1ml of the sample dilutions. Three dilutions were plated for each medium as appropriate (10 1 , 10 3 and 10 5 for E. coli, coliform, and lactosenegative enterobacteria and 10 3 , 10 5 and 10 7 for total aerobes and lactobacilli). After incubation, colonies were counted according to colony morphology. Counts from two plates were averaged. Numbers of colony-forming units are expressed as log colony-forming units per gram of digesta content.
Histomorphology:
Specimens from duodenum, jejunum and ileum were fixed in 10% neutral buffered formalin, dehydrated in a graded alcohol series, cleared with methyl benzoate and embedded in paraffin wax. Sections of 5 µm were cut and stained with haematoxylin and eosin. The image were analyzed by using research microscope type Axiostar plus made by Zeiss transmitted light bright field examinations upgradeable to professional digital image analysis system. A total of 10 intact well-oriented, crypt-villus units were selected randomly for each sample. Villus height was measured from the tip of the villus to the villus-crypt junction, whereas crypt depth was defined as the depth of the invagination between 2 villi.
Statistics:
The data were subjected to statistical analysis with SPSS 33 for Windows (Version 13; SPSS, Chicago, USA) to determine if variables differed between groups. The Kolmogorov-Smirnov test was used to test the normal distribution of the data before statistical analysis was performed. Microbial colony count and intestinal histomorphology were compared between groups by general linear model two ways ANOVA and subsequent Duncan's 6 multiple range tests. Probability values of less than 0.05 (P < 0.05) were considered significant. Results are expressed as means ± pooled SEM.
Results
As exhibited in Table 3 the initial body weight was not significantly differ (p >0.05) between treatments. In the same Table, the Final body weight, feed intake, feed conversion were significant different between treatments. Probiotic and synbiotic supplemented broilers recorded the higher (p < 0.05) final body weight, weight gain, feed conversion efficiency. From the data in Table 4 it is clear that, dietary treatment with pre, pro and synbiotic failed to elicit any significant (p > 0.05) effect on the total aerobe, lactose fecal coliform, lactobacilli and E coli colony counts at day 21 in the different parts of the small intestine (duodenum, jejunum, ileum) and cecum. On the other hand, there are numerical increases in the lactobacilli colony count and numerical decreases in the E coli colony count in all dietary treatments compared to control group.
However at day 42 (Table 5) there are significant increases in the lactobacilli colony count in the duodenum, and the jejunum (tended to be higher (p < 0.1) in prebiotic supplemented broiler compared to synbiotic and control groups. Each 2.5 kg contain: 12,000000 IU Vit. A, 2,000000 Vit D3, 10 g vit. E, 2g Vit K3, 1g Vit. B1, 5g vit b2, 1.5 g Vit. B6, 10 mg Vit B12, 30 g nicotinic acid, 10 g pantothenic acid, 1g folic acid, 50 g biotin, 250 g choline chloride 50 %, 30g iron, 10 g copper, 50g zinc, 60 g manganese, 1g iodine, 0.1 g selenium, 0.1 g cobalt and carrier Caco 3 to 2.5 kg Data in Table 4 , 5 and 6 revealed that the total aerobe colony counts significantly (p <0.05) higher in the duodenum, jejunum, and ileum in at day 42 compared to their count at day 21 when age taken as a factor. Furthermore, the interaction between treatments and age did not affect (p > 0.05) any of the intestinal microbial colony counts. Results obtained in Table 7 showed that, synbiotic supplemented broilers had significantly higher (p < 0.05) villus height in the duodenum, jejunum, ileum in comparison with the other treatments. Also synbiotic supplemented birds had higher villus height to crypt depth ratio in the jejunum, ileum compared to other dietary treatments. The crypt depths were numerically (p > 0.05) decreased in duodenum and ileum in synbiotic supplemented broilers. In addition, age had significant effect on intestinal histomorphology. Broilers at day 42 had higher villus height in the duodenum, jejunum, ileum, lower crypt depth in duodenum and jejunum and higher villus height to crypt depth ratio in jejunum, ileum in comparison with broilers at day 21. Moreover, the interaction between dietary treatments and age did not affect (p > 0.05) any of the intestinal histomorpholgical parameters. 
Discussion
The application of in-feed antibiotic growth promoters in livestock diet threatens consumer health. Resistant microbial populations are the outcome of antibiotic use in poultry. There has been a big push to find alternative treatment methods for common poultry ailments. These alternatives are probiotics, prebiotics, and synbiotics. The results of the present feeding trial provide evidence that the dietary inclusion of synbiotic and probiotic improved (P<0.05) the final body weight and cumulative weight gain of broiler chickens compared with the broilers fed the control diet. Synbiotic appeared to be superior to probiotic in improving broiler performance. These results were in agreement with previous studies 2, 22, 7, 9 . In the previously mentioned investigations the authors observed that average daily gain and feed conversion efficiency and the overall performance of broilers were improved in synbiotic supplemented group. Contrary to our finding, Jung et al. 16 and Erdogan et al. 8 reported that the diet supplemented with synbiotic had no effect (P> 0.05) on body weight, weight gain, feed intake and feed conversion efficiency of broilers.
In the present study, the significant increases in the lactobacilli colony count in the duodenum and the jejunum in prebiotic and probiotic supplemented broiler provide new evidence about changing the intestinal flora by the prebiotic and the probiotic. Probiotic contains yeast cells, bacterial cultures, or both that stimulate microorganisms capable of modifying the gastrointestinal environment to favor health status and improve feed efficiency 5 . Probiotics induce alteration in intestinal flora, enhance the growth of nonpathogenic facultative anaerobic and gram positive bacteria forming lactic acid and hydrogen peroxide, and suppress the growth of intestinal pathogens 42 . Some studies have confirmed the effects of yeast culture (YC) in increasing concentrations of commensal microbes or suppressing pathogenic bacteria 34 . However, these effects were not reported by others 39, 36 .
The numerical decrease in the E-coli colony count in the different parts of the small intestine and the cecum as a response to dietary treatments especially synbiotic supplemented group was in accordance with previous studies 25 . In this respect many researchers reported that the dietary addition of Lactobacillus products significantly decreased the coliform counts in the ceca and small intestine of turkeys 11 , the number of Escherichia coli in the crop and small intestine of broilers 12 and the number of Salmonella enteritidis and Clostridium perfringen 18 . In addition Watkins et al. 38 similarly observed that competitive exclusion of pathogenic E. coli occurred in the gastrointestinal tract of chicks dosed with L. acidophilus.
Recently it has been established that probiotic species belonging to Lactobacillus, Streptococcus, Bacillus, Bifidobacterium, Enterococcus, Aspergillus, Candida, and Saccharomyces have a potential effect on modulation of intestinal microflora and pathogen inhibition 25, 40 . The inhibitory activity on the tested pathogenic bacteria might be partially attributed to a decrease in environmental pH. Sakata et al. 30 reported that probiotic bacteria actually increase the production rates of volatile fatty acids (VFA), lactic acid, and occasionally succinic acids due to the increase in the breakdown of indigestible carbohydrates. Fuller 13 suggested that a density of CFU/g of Lactobacillus can effectively suppress other bacteria in the GI tract due to decreased lumen pH from the production of lactic acid. At the same time, the prebiotic mannanoligosaccharides not only prevent those pathogenic bacteria possessing type-1 fimbriae, such as E. coli, from attaching to gut wall but also displace them from the gut wall. A number of studies demonstrated that MOS are effective in reducing Salmonella infection of birds 10, 20 Synbiotic supplemented broilers had significantly higher (p < 0.05) villus height in the duodenum, jejunum, ileum in comparison with the other treatments. Taller villi indicate more mature epithelia and enhanced absorptive function due to increased absorptive area of the villus. It has been demonstrated that villus height and crypt depth are a direct representation of the gut function and health. Uni et al. 35 suggested that development of intestinal morphology could reflect the health status of the GI tract of an animal. New epithelial cells are produced in the intestinal mucosal crypts and migrate along with the villi to the top 31 . The crypt can be regarded as the villus factory. Crypt depths in the ileal mucosa were reduced when the broiler diet was supplemented with S. cerevisiae or MOS 4, 42 . Many studies revealed that MOS as prebiotic and the yeast culture as probiotic were shown to alter mucosal architecture in terms of longer villi and improved performance in birds 23, 45, 41 .
In conclusion, the present study indicates that mannan oligosaccharides had important prebiotic effects as demonstrated by increases in the beneficial bacteria population in broiler chickens. Additionally, the combination of saccharomyces cervisea and mannan oligosaccharides (synbiotic) yielded greater prebiotic effects and represents an important dietary strategy that could potentially improve the growth performance, the intestinal microbial ecology and histomorphology and the overall health of broiler chickens. PREBIOTIC, PROBIOTIC AND SYNBIOTIC IJAVMS, Vol. 6, Issue 4, 2012: 277-289 doi: 10.5455/ijavms.156 
